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PROGRESS
SPACE RESEARCH AND SCTENTIFIC-TECHNOLOGICAL PROGRESS

B.I. Petrov

Space research and the conguest of outer space 1ls one of
the most important developments of the contemporary scientific-
technological revolution and one of the most outstanding achieve-
ments of human genius. The penetration of man into space is a
natural and logical step in world progress. Following the ex-
ploration of the surface of the earth, the ocean depths, and
the atmosphere, it was inevitable that mankind should begin the
exploration of space, the environment which until recently was
st11ll unknown, and in which our-planet was born, moves and has
its being. This environment, together with the celestial ho-
dies distributed in it, plays no less a role than the cceans
and the atmosphere in the 1life of mankind and all 1iving things,
and its study and exploration will exert enormous influence on

the development of terrestrial civilization.

Space research is of great scientific and cognitiive value.
It enriches physics, cosmology, geophysies, aeronomy, meteoro-
logy and biology with new discoveries and new sclentific results
and provides invaluable material concerning the structure of
outer space near the earth, concerning the moon and the nearest
planets, concerning processes taklng place in the atmosphere of
the earth and their relationship to solar activities, and con-
cerning the structure of matter. These new facts make more pre-

cise, and sometimes radically change, our conception of the ma-

* Numbers in the margin indicate pagination of original for-
eign text.
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terlal world surrounding us.

In the epoch of space explorations, new directions for
science have been formulated, and existing scientific disciplines
must be supplemented by new striking discoveries. Among the
foremost fields of contemporary science, one can name the mech-
aniecs of space flight, the theory of rocket engines, the theory
of airecraft control, space radioelectronics, space physics,

space meteorology and aercnomy and many Qthers.

The solution of new fundamental questions of modern physics
is linked to an investigation of space. For example, the study
of cosmic rays has tremendous significance for the development
of nuclear physics. The search for new elementary particles,
the acquisition of new nuclear reactions, and especlally the
study of particles of high and ultra-high energy 1s related to
the investigation of cosmic rays. As is well-knoWn, primary
cosmic rays practically never reach the surface of the earth;
hence the study of cosmic rays with the aid of satellites and

other space appraratus is of enormous significance.

It is difficult to overestimate the importance of astro-
physical and radiophysical investigations for the solution of
many important problems of contemporary physics. The discovery
of guasars and pulsars, these powerful cosmlic sources of radio
emissions, the investigations of supernova stars pose entirely
new puzzles for physicists. The study of these objects with
the aid of astrophysical statlons outside the atmosphere, and
other means of space investigatlons, opens up large perspectives
i1n the treatment of the most Important problems of contemporary

physics, which are of great scientific and philosocophical signi-
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ficance.

The epoch of space exploration using indireet study of in-



terplanetary cosmic space, the Moon and the nearest planets,
methods of extra-atmospherlc astronomy, the investigation of

the earth and its atmosphere from outer space - this is a new
step ‘in the development of science generally, a cualltatively new
step in the research of man, in the development of methods and
means of knowlng nature. This epoch represents the most exten-
.sive development of the dialectic-materialistic theory of know-
ledge, the strengthening of the principles of Marxist philosophy
and the materialistic explanation of the world around us.

New discoveries which have not yet been fully explained, new
puzzles of nature, evoke more intensive research for means of
studying them, and lead to the creation of new methods and ways
of research, to the subsequent development of the dialectic-ma-
terialistic kndwledge of the structure of matter and the universe,
and bring us to a more complete disclosure of the secrets of na-
ture. Here one may recall the well-known dictum of V.I. Lenin:
"Tn the theory of knowledge, as in all ofher realms of scilence,
one should think dialectically, 1.e.,jone should not assume our
knowledge to be finished and unchanging, but analyze in what man-
ner from ignorance knowledge appears, how incomplete, imprecise

knowledge becomes more complete and more precise." [1]

The investigations withln the various ftrends of science
whose goal i1s a knowledge of the unilverse, its structure and the
processes taking place within 1t, and the cosmic bodies distri-
buted in it - this is one of the broadest spheres of research
activity of man where the dlalectic process of knowledge is very
fruitful and has already provided many brilliant results. Within
a short periodJspace explorations have enriched science with
many outstanding discoveries in the study of the Moon and the
nearest planets, making i1t possible to learn much that is new
about our Farth as an object in space. They made possible the
penetration of man into a new environment and the start of his



practlcal activity in fhese new unusual condlitions.

In the initial period of the conquest of space, the leadlng
space powers - the USSR and the USA - directed thelir energies to
the solution of similar problems (obtaining primary information
about celestial bodies, working out various technical devices
for flights to the Moon and to far space). Having accumulated
the necessary experience in the solution of problems of cosmo-
nautics, having created a powerfulltechnology, the leading space
powers are goling thelir own way.in the further exploration of
space. This process is understandable and natural. The circle
of cosmic obJects accessible for study has been significantly

enlarged.

Scientists usually propose far more problems than can be
financed in a given periocd of fime, and space explorations are
expensive. Therefore, it is important tc determine in the best
way the strateglic geoal, to choose that upon which one must con-
centrate in the first instance, what must be given preference.
It is necessary to establish a hierarchy of goals and tasks.
However, on the other hand, it is difficult at times to foresee
exactly which course will produce the maximum scientific and
practicalﬁeffect. Therefore, a space progranm must be flexible
and comprehensive, must provide for a broad search for new ideas
in fields which are entirely unexplored. Here one must not for-
get that, in order to achleve certain goals, rocket-space com-
plexes and apparatus are necessary which are sufficiently relia-

ble and economically Jjustifiable.

~
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The goals of the Soviet space program are determined by the
demands of science, the national economy, by the demands of sci-
entific-ftechnological progress, Systematically and stepwise it
embraces various fields of research and space exploration.



In our country at the present time space exploration is
developing in three basic directions: 1nvestigation of outer
space near the earth with the help of geophysical rockets, satel-
lites and spacecraft; investigation of the Moon and the planets;

medico-biological research and manned flights into outer space.

In the study of the outer space of the Moon and other bodles
of the solar system, the leadlng role in our country at present
is assigned to automatic apparatus. For many years to come, they
will remain practically the sole instrument for the study of
far space and the planets. However, while valuing hlghly the
usefulness of autématic machines, one must nonetheless not |
be guilty of absolutism with regard to their value and possibili-
ties in space. Such machines cannot replace man in everything.
An astronaut while on board an orblting spacecraft not only dis-
covers natural phenomena of interest to us ("the eye of a typhoon",
the focus of a foresﬁ fire, etc{), but also directs toward them
equipment and instruments, and makes the necessary decisions.

For the time being, there are much fewer piloted flights than
launchings of automatic machines, but their value 1s enormous.
The arena of the present stage of development of the Soviet
cuter space program of pllcocted flights 1s space near the Earth.
Here are sent the piloted spacecrafts and systems intended for
geientific research, transport vehicles, orbiting stations with
a long life expectancy. The direct participation of man has the
greatest effectiveness in the study of space near the earth, in
the conduct of observations having national economic wvalue, of

course, in conjunction with the use of automatic equipment.

If in the first years of space exploration it was proved
that it is possible for man to fly into outer space and to work
in it, then the problem now 1s a systematically planned research
effort by man with the aid of orbiting space laboratories., Still

larger, universal space research laboratories and specialized



stations will be built, e.g. astronomical, astrophysical, radio-
astronomical orbiting stations outside the atmosphere. Such
ohservatories can be constructed both in a completely automatic
variant and also in a variant with periodic visits by their per-

seonnel without% the continuous presence of a ¢rew on board.

In recent years the Soviet explorers of space have achieved
notewofthy successes. Thus the pilot-cosmonauts of the USSR,
V.G. Lazarev and 0.G. Makarov, completed a flight on bhoard the
spacecraft "Soyuz-12" and carried out a séries of scilentific
and scientific~technological experiments. They conducted spec-
tography of natural formations which were of great interest for
developing methods of studying the Earth from outer space. At
the same time they carried out tests of the improved flight sys-

tems of the spacecraft.

A crew consisting of pilot-cosmonauts of the USSR, P.I.
Klimuk and V.V. Lebedev, completed a space flight on the space-
craft "Soyuz-13". An important result obtained by the cosmonauts
In the course of the flight was the multizonal photography of
individual portlons of the terrestrial surface simultaneously
in ten narrow spectral zones situated within the limits of the
visible and short-range infrared band. For the study of natural
resources, such photographs offer much more than usual color

photography.

On "Soyuz-13" biological experiments were set up. With the
aid of the device "Oazis-2"/)tests were conducted which are con- /3
nected with certain principles of a closed ecological system with

regeneration, i.e.,with regeneration of human vital products.

Scilentific data of great value were yielded by spectography
of stars in the ultraviolet band with the aid of the system of
telescopes "Orion-2" which was established on the spacecraft.



As 1s well known, observations in this band can only be carried
out outside the limits of the atmosphere, since the atmosphere
completely abscrbs the short wave part of the spectrum. The
cosmonauts obtained and delivered to the Earth several thousand
spectrograms of nearly 3000 stars, among them unigue spectrograms
of weak stars up to the 1llth and even the 12th magnitude. For
comparison it should'be recalled that with the naked eye one can
see only stars no weaker than the 5th-6th magnitude. The spec-—
trograms allow one to determine what chemical elements enter into
the composition of stars. Indeethhe spectral lines of many

elements aré related to the uitraviodet region.

The experimental results obtained make a great contribution
to astrophysics and provide new materlial for studylng the stars
which are at various stages of evolution; they shed new light

on the processes of evolution of the universe,.

A broad complex of investigations were conducted by the
pilot-cosmonauts, P.R. Popovich and Yu.P. Artyukhin, on board
the orbiting station "Salyut-3" to which they were delivered by
the spacecraft "Soyuz-14". ™"Salyut-3" can be both manned or un-
manned. The cosmonauts carried out tests of the improved flight
systems of the station, the 1life support system, they conducted
medico-biological experiments with the help of the multi-func-
tional apparatus "POLINOM-2M", and a large complex of investiga-
tions of the Earth surface with an economic purpose were per-—
formed. They conducted photography of geomorphological formations,
spectography of the twilight aureole of the Earth and the daytime
horizon., The data obtalned will be used in the solution of na-
tional econcmic problems and will provide new material for the
development of areas, perspectives for seeking useful minerals,
for the study of the condition and the prognosls of the movemen%t
of glaciers, for the evaluation of the status of forests, etc.



ééientific research and investigations in cuter space which
were begun with the flight of the spacecraft "Soyuz-14" and the
station "Salyut-3" were continued by the pilot-cosmonauts, G.S.
Sarafanov and L.S. Demin, on board the spacecraft "Soyuz-15".
The cosmonauts completed scientific-technological experiments
concerning piloting a spacecraft in various flight routines, ma-
neuvering processes, and docking with the station "Salyut-3".
In the course of the manuversﬁthe spacecraft "Soyuz-15" was re-
peatedly docked with the station "Salyut-3". The cosmonauts con-
trolled the operation of all systems of the spacecraft, made ob-
servations of the stages of docking with the station and in-
spected the result. They also worked out methods and means of
searching for and evacuatlng a spacecraft, and landing under

nighttime conditions.

Many problems in the study of space require complex inves-
tigations, combinations of investigations carried ocut with the
aid of sclentific apparatus installed on board satellites, au-
tomatic interplanetary stations or spacecraft, and observations
and experiments conducted on the surface in various regions of
the Earth. Among such problems one may mention, e.g., the study
cf the Sun-Earth relationship, and in particular, the influence
of the short wave solar radiations on the upper atmosphere and
the terrestrial ioncsphere, the study of the magnetic and gravi-
tational fields of the earth, meteorological, lonospheric and
geomagnetlc research in the magneto-conjugate focii of the Earth,

etc.

The flights of three Soviet orbiting solar observatories
"Prognoz" have provided interesting results. The height of the
apogee of their elliptical orbits was nearly 200,000 km, whiie
the helght of the perigee was on the order of 600 km, which en-
sured the operation of scientific instruments within the zone of
the magnetic fleid of the Earth and made it possible to study
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the unperturbed current of charged particles coming from our
star - the "scolar wind" - and also the characteristics and posi-
tion of the boundaries of the ferrestrial magnetosphere. Of
special interest is the investigétion of the dynamicg of the ra-
diation‘belts and the phenomena at the boundary of the magneto-

sphere.during solar flares.

In the period of heightened solar activity,|the terrestrial
magnetosphere was strongly deformed. In the phase of compres-
sion, its radius in the direction toward the sun was reduced to
almost one-half in comparison with its unperturbed state, and
in the phase of restoration,its size was almost dcubled. The
periodic structure of bursts of X-rays durlng sclar flares and

other phenomena were also studied,

A complex of investigations of the lunar surface and cer-
tain astrophysical research were conducted with the aid of the
scientific laboratory "Lunockhod-2", remotely controlled from
the Earth., During five lunar days, travellng over a complicated
topography, Lunokhod covered a path 3.5 times longer than the
path traversed by the self-propelled apparatus "Lunokhod-1".
These explorations were conducted on the eastern boundary of
the Sea of Serenity in the crater Le Monnier - in the transitional
continent zone. 8pecial interest attaches to the investigations
in the immediate vicinity of the large tectonic fault "Borozda
Pryamaya"‘which extends from the north to the south for 16 km. .
More than 80,000 television shots and 86 panoramas were trans-
mitted to the Earth, and alsc stereoscoplc images of the most
interesting details of the topography. New data concerning phy-
sico-mechanical properties of the surface layer of the lunar soil
were obtained. Repeated analyses of the chemical composition of
the lunar rock were carried out with the help of the improved
apparatus "RIFMA-M", during which the percentile content of si1li-

con, calcium, ircon and aluminum was determined. Changes 1iIn the



chemical composition connected with various kinds of rock in

the sea and the continental regions were registered. With the
ald of an astrophotometer installed on the "Lunokhod-2", measure-
ments of the brightness of the lunar sky were made af various
periods of the day. An increased brightness of the sky was

noted in comparison to what was expected, which in principle

can bhe explained by a dust cloud arqund the moon, consisting of

particles varying in size from 10 to 70 microns.

On "Lunokhod-2" there was installed a corner reflector of
French manufacture for laser locating. Experiments with regard
to laser locating of the Moon were conducted at the time of the
stoppage of the Lunokhod in the period of the lunar night, and
also after completion of the operating program of the lunar lab-
oratory. Soviet scientists conducted more than 40 sessions of
laser location. The statistical precision of the determination
of the distance to the Moon amounts to 40 centimeters. Systema-
tic measurements of the dlstance to our natural satellite with
such a high degree of precision are of great significance both
for the study of the complex motion of the Moon, and also for
conducting geophysical and geodesic research. An interesting
experiment on the laser location of the Lunokhod was carried out
successfully with the aid of a photoreceiver of laser radiation
mounted on board the Lunokhod. There was also a series of other

experiments.

In February-March 1974, four automatic interplanetary sta-
tions, launched in the spring of the previous year, reached the
vicinity of the planet Mars. With the help of these stations,
exploration of Mars and the neighboring space was carried out
from a fly-by trajectory, from the orbit of an artificial satel-
lite of the planet and from apparatus which was lowered to the
surface. Just as previously, a broad complex of studles of in-

terplanetary space were accomplished during the flight. For

10



the first tim@%the parameters of the atmosphere of the planet

Mars were directly measured in a portion of the descent of the
released apparatus of the station "Mars-6" and transmitted to

the Earth.

The automatic station "Mars-5" was placed in an elliptical
orbit as a satellite of Mars with a period of rotation around the
planet of approximately 25 hours. All operations for the con-
cluding stage of the flight, -among them the switching on of the
rétro rockets, were completed automatically with the aid of the

astronavigation system on board.

The automatic stations "Mars-4", "Mars-6" and "Mars-7", on
passing into the immediate neighborhcod of Mars, conftinued flying
along a heliocentric orbit and for a leng time transmitted scien-
tific information to the Earth, conducted investigations of the
radio emissions of the sun, cosmic rays and various physical

characteristics of cosmic space.

Photography provides much information about the morphology
of the surface of Mars. The station "Mars~4" photographed Mars
from a fly-by trajectory, and the station "Mars-5" did so from
the orbit of an artificial satellite. The photography was carried
out with the help of two photo-television devices with different
objectives., This made i1t possible to distinguish details on
the photographs with dimenslons ori the order 1 km and 100 meters.
The color photographs were of great Interest. The scanning opti-
co-mechanical devices of the station gave a plcture of the broader

bands of ferrain in the course of the flight.

With the photographs, a region of several thousand kilometers
in the southern hemisphere was covered. On the photographs, one

can disftinguish many interesting details - in particular, flat-

bottomed craters with accumulated sandy detritus, meandering cracks

11
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and canyons. A number of other curious peculiarities of the
surface structure of the planet were disclosed. Their analysis
supplements the data obtained from the photography of the Mars
stations "Mariner-9", on the basis of which American scientists
have drawn conclusions about the relatively fecent geological
getivity on Mars and the significant role of eroslon processes
in the formation of the topography of its surface. Certain de-
tails of the surface may be construed as the result of wafer
erosion. This covers formations which remind one of dry river
beds, the age of which, according to the estimates, does not
exceed several million years. On this basis,many scientists
now express the view that in the past on the surface of Mars
there may have been a large quantity of water and Mars had a
much denser atmosphere than at present. It 1s not precluded
that a significant portion of the Martian atmosphere is frozen
in the polar caps which consist of condensed carbon dioxide and

water {(ice).

At the present time, the atmospheric pressure on the sur-
face of Mars amounts on the average to approximately 5-6 milli-
bars, i.e. it 1s approximately 100 times less dense than the
Earth's atmosphere. At such a pressure, liquid water cannot
exist on the surface, since 1t all evaporates into the atmos-
phere. The basic component of the atmosphere of Mars 1s carbon
dioxide gas, possibly with an appreciable admixfure of inert
gas (most likely, argon), very little oxygen - approximately
1.1%. The content of carbon monoxide and water wvapor is of
about the same order of magnitude. Measurements on the Soviet
auntomatic stations show that the amount of water vapor in the
atmosphere is different 1n various regions of the planet and
changes according to season even in the course of a day. A
photometer sensitive to the absorption lines of water vapor has
recorded that its content 1in the atmesphere during the measure-

ments on the station "Mars-5" was approximately 10 times greater
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than in the years 1971-1972.

With the ald of the instruments of "Mars-5H", a study of the
physical characteristics of the planet with respect to its radi-
ation in the broad interval of wavelengths from centimeters down
to gamma rays was carried out., These experiménts provided data
concerning the temperature of the surface and the subsurface layer
at a depth of several tens of centlmeters, concerning the struc-
ture and topography of the surface, and the density of the soill. gﬂg
Measurements of the gamma radiation promise definitive informa-
tion about the character of the Martian rock.

An important consequence of the experiments which were con-
ducted is the possibility of constructing a working model of
the atmosphere of Mars. This is essential for the calculation
of the aerodynamlc braking and landing of future Martian appa-
ratus. From this point of view, great interest attaches to the
results of determining the atmospheric parameters during the

descent of the apparatus "Mars-6".

Experiments in nelghboring planetary space allow one to
measure the intensity of the Martian magnetle field which ex-
ceeds by 7-10 fold the intensity of the interplanetary field
carried along by the solar wind, but which 1s 100 times weaker
than the Earth's magnetie flield, This result is of great sig-
nificance in understanding the internal structure and the evo-

lution of the planet.

Diverse information obtained as a result of the flights
of the automatic interplanetary stations of the type of "Luna",
"Venera" and "Mars" provide much new data about the heavenly
bodies nearest to the earth and are a valuable contributlion to

planetology.
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Exploration of épace -~ this is a field in which cdnsolidation
of the efforts of many countries turns out to be especilally fruilt-
ful. The problems of the study of space are so broad and manifold
that they cannot be solved by one country, however high the level
of scientific and technological development which it has achieved.
The participation of scilentists of different countries, different
schools and trends can be extremely effective in working out the

problems of the exploration of space.

Sclentists of varilous countries constantly advance new
ideas for the organization of space experiments. Many of these
ideas are of a giobal character. In fthis connection, space is
becoming the arena of broad international collaboration and de-
mands unification of the efforts of many[countries and, of course,
of countries having the greatest accomplishements in the explora-

tion and exploitation of outer space.

The universe is a global concept. Penetration into its se-
crets and exploration of outer space surrounding our Earth pre-
sent enormous interest for the science of all countries and point
to the necessity of united effort. Joint experiments and a broad
exchange of scientifie information between scientists of various
countries will make it possible to understand more guickly the
laws governing the evelutlion of the universe, the influence of
the processes ocecurring on the Sun on the atmosphere of the
Earth and on all living creatures of our planet, and will expe-
dite the practical utilization of the achievements of space tech-
nology for national econcmic goals. To this end - namely, while
striving for the conversion of space into an arena of peace and
international collaboration of governments - the USSR is imple-
menting broad international relations in the exploration and uti-

lization of oufter space.

In our country,/great attention is deveted to the develop-

ment of international collaboration on the exploration and uti-
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lization of outer space for peaceful purposes. "We are supporters

of international collaboration in the study of space. The parti-

ecipation of the seven socialist countries - Bulgaria, Hungary,

the German Democratic Republic, Poland, Rumania, the Soviet Union |

and Czechoslovakia - in the investigations conducted with the

help of the artificial Farth satellite "Interkosmos-1" was an ex-

cellent experience in creative concord," said General Secretary

of the Central Committee of the Communist Party of the Soviet

Union, L.I. Brezhnev at a meeting in honor of the participants

of a group flight of cosmonauts on the 22nd of October, 1969. ‘ i&_
During recent years, great progress in the realization of

the program "Interkosmos", undertaken by the socialist countries,

has been achieved, Already the launching of eleven satellites

of the series "Interkosmos", two geophysical rockets, "Vertikal¥,

a large number of meteorological rockets, and the conduct of a

series of complex experiments have been completed.

An international organization, "Intersputnik", created by
the socialist countries, is functioning. 1In Mongolia a station
is operating for the reception cof television programs. In Cuba
a station has been put into operation for the reception and trans-
mission of programs of color television through the communication

satellite "Mclniya®.

A major event was the launching of the satellite "Inter-
kosmos=-Kopernik-500" in 1973, which was proclaimed by UNESCO as
the year of Copernicus. On board the satellite,jtogether with
Soviet instruments, there were installed scientific instruments
created by Polish specialists under the supervision of scien-
tists of the university named after Nicolas Copernicus. A radio-
spectrograph and ionospheric sondes from on board the satellite
investigated the long-wave radiation of the Sun which is absorbed

by the atmosphere and does not reach the:harth, and the charae-
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teristics of the ionosphere. These experiments have made it pos-
sible to obtain new data about processes occurring on the Sun,
about the influence of solar activity on the atmosphere of the
Earth and were a further step in the course of studying "cosmic

weather', 1.e., the conditions of human flight into outer space.

A complex experiment based on launching the satellite "In-
terkosmos-10" was dedicated to the study of the interaction of
the magnetosphere and the ionosphere. Simultaneously the upper
atmosphere was sounded up to a height of 100-170 kilometers with
the help of meteorological rockets on the 1lsland of Kheys and in
the region of Volgograd. In these 1nvestigations ground obser-
vatories also participated. On board the sateliite, instruments
were installed which were created by scientists and specialists
of the German Democratic Republic, the USSR and the Czechoslovakian
SSR.

In this same periodJin accordance with the program of col-
laboration with France4fhe satellite "Oreol-2" was launched for
the study of the polar aurcras, and high-level balloons were
launched with scientific apparatus for the investigation of elec-

tron entry into the polar ionosphere.

A characteristic feature of all these experiments was the
combining of satellite, roecket, balloon and surfacé metheds, en-
suring simultaneous "stepwise" 1investigation of the physical
processes in neighboring space. Such complicated complex experi-
ments characterize a new step 1n the development bf international

collaboration for the study of outer apace near the Earth.

The work of Soviet and Indian specialists progressed suc-
cegsfully with regard to the preparations for launching the first
Indian satellite with the help of a Soviet rocket-carrier from

the territory of the Soviet Union.
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A radiocastronomical experiment regarding research on the
radio emission of the Sun in the metric wave band was carriled
out Jjointly with French scientists on the automatic stations
"Mars-6" and "Mars-T7" with the help of a French instrument 1in
accordance with.the project "Stereo". Simultaneous recording
of the solar radiation on the Earth and with the aid of this
instrument at a distance of 100 million kilometers - with such
an imménse base -~ makes it possible to obtaln data about the
directional diagram of radiation and local solar regions Where

these waves are generated.

In accordance with plansg,preparations are underway for a
projected June 1975 flight involving the docking of Soviet and
American spacecraft "Soyuz™ and "Apollo" in outer space and the

mutual transfer of cosmonauts. This project is being carried

™
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out on the basis of a Soviet—-American intergovernmental agree-

|

ment undertaken at the time of the summit meeting in Moscow on
May 24, 1972. The project is an example of the collaboration
of two countries when, as a result of the joint efforts of
specialists, devices for docking spacecraft were developed and
a common system of approach and docking the spacecraft. The
project has for its obJect the humane goal of increasing the

safety of human flights into space.

Collaboration with American specilalists and sclentists is
not confined to space itself; it extends aléo to its use for
peaceful purposes. First of all it 1s 1mportant for the prac-
tical aspect of the investigation of terrestrial resources with
the help of space techneclogy. The means to this end open up
broad perspectives for prediction of the weather, for determining
ice conditions, for the study of the condition of crops and for-
ested areas, for the solution of many problems connected with
geology, especially with the exploration of useful minerals.

This new direction in the application of space technology pro-
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mises enormous results in the future. The solution of such
problems demands the most far-reaching improvements in space
technology and instrument manufacture, the working out of prob-
lems which are closely related to the problems enumerated above:
the necessity of creating new highly senslitive optical and radio-
metric instruments, spectrographie apparatus, the study of the
influence of wvarious factors on the optical characteristics of
the surface of the Earth, etc. The given direction for the use
of space technology 1in the interests of national economy, in

the interests of economic develcopment, is long range and requlres
the latest achievements of science, so that joint efforts of

sclentists and speclalists of different countries are especially

useful, and in the full sense of the words, mutually advantageous.

Recently, American sclentists have obtalined interesting data
in the courée of experiments conducted by astronauts on board
the orbiting station "Sky Lab" launched last year in the USA,
and also during the flight of the automatic station "Pioneer-1Q"
toward Jupiter and "Mariner-10" flying past Venus and Mercury.

Soviet scientlsts react with great respect to the attain-

ments of other countries in the exploration of outer space. Ex-

ploration of space 1s an International matter by its very essence.

As L.T. Brezhnev has remarked, "Today,essentially all people of
fthe terrestrial globe already enjoy the fruits of the exploration
of space, It is sufficient to name such fields of sé¢lence and
technology as space television, long-range telephonic and tele-
graphic communication, the participation of spacecraft in the
compllation of weather forecasts, space navigation of ocean
vessels [2]l_J

Aghievement of the Soviet program of exploratlon of outer
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space with the help of manned spacecraft and orbiting stations,
artificial satellites of the Earth and automatic interplanetary
stations designed for the investigation of the Moon and the
planets of the solar system - Mars, Venus - have made it possible
for Soviet scientists to advance in the study of outer space in
knowledge about laws} governing the origin and development of

the planets, also including the Earth, which is not only scien-

tific, but also of great practical significance.

Exploration of space, the problems of exploitation of outer
space, and the astronautical, scientific-technologlcal problems
posed demand a completely new approach to thelr accomplishment.
The technological solutions found in this connection are already
finding application in many fields of the national economy. The
construction of rockets, for example, required the creation of
basically new materials, capable of withstanding ultralow and ul-
trahigh temperatures, resistant to changing loads, vibrations,
sharp changes in stress. ©5Such materials were created and have
found wide application in terrestrial techdology, in particular
in fields connected with plasma processes. Limlitation of weight
and overall size of instruments - a necessary condition for suc-
cessful conduct of explorations in the cosmos - has turned out
to be of great influence for progress in the area of microminia-
turization of technical equipment in general, and especially in

the field of electronics and computer technology.

As we have already mentioned in a number of previously pub-
lished papers (some of theilr material has been used in this ar-
ticle), the solution of problems connected with penetration into
the depths of space has expedited the tempo of the improvement

of automatic control systems, radio~television apparatus, and

/45

rapid electronic machines. Cosmonautics gave|impatus to the develop-~|

ment of new directicns in cybernetics.
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Space exploration and human flight into space promoted
completely new, exceptionally high requlrements concerning the
reliability of rocket-space systems. The solution of complicated
problems of ensuring high reliability of systems and thelr ele-
ments was demanded, taklng into account minimum weight and over-
all size. In this connection, there began intensive development
of a science of reliability. ‘The principles of constructing
highly reliable elements from elements of relatively low relia-
bility, the principles of majority logle, systems of "voting"
according to the rule "two out of three", and many other. schemes
were worked ouf which make it possible to obtain trouble-free
performance in complicated multi-element systems. These prin-
ciples, which were verified during the bullding and testing of
rocket-space systems, just as were also the mathematical methods
for evaluating the reliability of complex systems, have also
found wide application in other fields of technology.

Many instruments, sensing elements and elements of automatic
devices developed for the purpose of space exploration and rocket
technology are already finding application in various fields of
the national economy. For example, ultrasensitive magnetometers,
created for the measurement of magnetic filelds in outer space,
are being used successfully in geophysics, geological prospecting,
and even in archeology where they make it possible to deftermine
very weak anomalies in the magnetic field of the earth and'simplify
the search for useful minerals and the remains of the material
culture of anclent man. To a lesser extent than in other branches
of science and technology, medicine and blology are indebted to
space research., Clinlcs have at their disposal many instruments

which were made for the purposes of space medicine.
The concentration of the efforts of the best speclalists

in each field for the purpose of resclving questions posed in

the exploratiocn of space, the atmosphere of creatilive search,
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Wwhich was usually generated during éhe Pulfiliment of such tasks,
not only ensured the solution of the problems raised, but also
was a powerful stimulus to the progress of sclence and technology

generally,

The working out of the problems of space exploration and
the creation of technological equipment necessary for their ac-
complishment lead unquestlonably to a heightened level of develop-
ment of science and technology in the country, to improved quali-
fications of scientific and technological personnel. One may say
truthfully that the exploration of space is an epoch in the de-
velopment of science generally, in the development of the natlonal

economy, economics and culture, and in the social progress of

mankind.
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